The routing is challenging in VANETs especially in urban areas, where the path failures occur regularly due to the rapid change of network topology caused by the high mobility. When a routing path is established between two different vehicles, it must be stable and well-connected in order to guarantee a reliable and safe delivery of packets. The aim of this work is to present a new reactive routing technique providing effective and well-regulated communication paths. These discovered paths are created based on robust flooding discovery process involving UAVs (Unmanned Aerial Vehicles) to ensure the connectivity when the network is sparsely connected. The proposed technique is evaluated using NS-2 simulator and compared with on-demand protocols dedicated for VANETs. Simulation results show clearly that our approach gives interesting outcomes ensuring a high delivery ratio with a minimum delay. This hybrid communication between the vehicles and UAVs is attractive to initiate more smart connected nodes in the near future.
INTRODUCTION
Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. The theme of vehicular networking has gained the attention of many researchers from both industry and academia. The design of such network provides a lot of possibilities to develop many applications that can supply a safe and comfortable driving. Data routing is considered as a foundation to put on the field of these aforementioned applications.
Most of the reactive routing protocols for VANETs [1, [5] [6] [7] only indicate presence or absence of routing paths between two vehicles; they also use a recovery process when a link breakage takes place. In addition, when the network is sparsely connected, most of them do not take into the traffic density in the discovered path which decreases the chances of a successful delivering data packet between a source and destination. In addition, their route maintenance process fails to find a new path, consequently, packets cannot reach their final destination.
In this paper we aim to design a reactive routing protocol dedicated for city environments. The protocol is based on forwarding packets using the most connected and stable path. Improved techniques are used in the discovery process which aim to minimize the delay and the control traffic overhead. In the case where there are several discovered paths, a scoring technique is used to select the optimal path based on several criteria. The route maintenance process is ensured based on two steps: (i) An alternative path can be used in each path breakage without re-initiating the discovery process. (ii) When there is no routing path, Unmanned Aerial Vehicles (UAVs) are used to establish a connection between the two disconnected clusters to create an alternative path.
The rest of this paper is structured as follows. First, we present an overview on the related work in Section II. Our proposed routing protocols will be described in Section III. The results analysis of our approach are presented in Section IV. Finally, Section V concludes the paper and gives some future perspectives. Different types of reactive routing contributions are proposed for VANETs. In the following, we present two different kind of routing protocols.
RELATED WORK
Road-Based using Vehicular Traffic-Reactive (RBVT-R) [5] performs route discovery on-demand which selects the smallest number of traversed junctions (shortest path to the source) among many discovered paths. As a drawback, RBVT-R selects the shortest path back to the source without taking into account the vehicle density on the path which may cause disconnection problems at any time.
LCAD (Load Carry and Deliver Routing) [3] , is among the first routing protocols involving unmanned aerial vehicles (UAVs). It is completely dedicated for Mobile Ad hoc Networks (MANETs) allowing UAVs to assist nodes on the ground in the data delivery process enhancing the connectivity on a sparsely connected network. The major drawback of this proposed protocol is that UAVs do not use GPS information and trajectory calculation during the data delivery.
To deal with all the aforementioned drawbacks, we propose a new reactive routing approach for urban VANETs. It takes into account the real distribution of vehicles on the discovered paths based on a scoring technique involving many criteria. Furthermore, UAVs may belong to the discovered paths, and they can also be used as forwarding nodes to connect disconnected clusters when the network is sparsely connected.
UAV-ASSISTED REACTIVE ROUTING FOR URBAN VANETS
The main idea behind this approach is to exploit the discovery phase to have an accurate vision about the traffic density in each discovered path. A multi-criteria score is given to each discovered path based on the real distribution of vehicles and the end-to-end delays. UAVs can play the role of a routing assistant, both in the discovery process and recovery strategy. The main assumption is that at least one UAV hovers an area of four road segments and every road segment is considered to be divided into small fixed zones.
Path discovery
Our proposed approach establishes multiple paths on demand essentially based on "well-stable and connected" path. The paths are progressively built by flooding RREQ packets. We exemplify the discovery process in Figure 1 (a).
Path selection
An appropriate path is selected by the destination from all discovered paths using the selection process. A score is calculated for every discovered path by combining several metrics based on the following equation:
Where N B vehicles is the number of vehicles in the P athi. S deviation indicates the standard deviation of fixed zones densities; HOP sUAV is the number of traversed UAVs in the corresponding path. Once the path with the best score is selected, an RREP packet will be generated and sent back to the source using the greedy forwarding along the zones succession of the selected path (cf. Figure 1(b) ).
Path maintenance
When a selected path disconnects, the first vehicle or UAV that detects this disconnection checks available paths already discovered and recorded in the header of the data packet. Then it tries to find another alternative path. If it exists an alternative path, it will be selected and the data packet is sent through the new path. Otherwise, a Route Error (RERR) message is sent back to the source which contains the details of the disconnection. Then, the source will reinitiate a new path discovery process.
For example, if the selected path1 is disconnected, the intermediate vehicle located at ZoneID = 4 (cf. Figure 1(c) ) finds that the path is disconnected and it cannot continue to deliver the data packet via this path. Therefore, it finds an alternative path via the UAV which can play the role of connection link between two disconnected clusters. In most cases, alternative paths used to deliver the data packets employed UAVs.
PERFORMANCE EVALUATIONS
Our approach is tested using NS-2 (network simulator 2) and compared with reactive routing protocols for urban VANETs such as RBVT-R [5] and AGP [6] . The simulations are car- ried out in a city map of 4×4 km 2 which consists of 9 intersections. Two mobility generators [2, 4] are used to generate the mobility of vehicles and a random walk mobility model is used for 16 UAVs hovering the network.
Figure 2(a) shows that for most cases, especially in high densities, our approach outperforms the other protocols. In general, we notice an increase in the Packet Delivery Ratio (PDR) as the density of vehicles increases. The main cause is that our approach takes routing decisions based on the real distributions of vehicles in each discovered path, which allows the senders to forward data packets efficiently and thus results in the increase of the PDR. In addition, when there are path failures, we clearly distinguish the role of UAVs to enhance the connectivity in the network.
In Figure 2 (b), we can observe the performance in terms of End-to-End Delay (EED) for different densities of vehicles. As we can see, in overall, our approach provides the lowest delay compared with RBVT-R and AGP, particularly when the network is weakly connected (fewer than 140 vehicles). The use of UAVs guarantees the connectivity and ensures the shortest path towards destinations.
The average number of hops is depicted in Figure 2 (c). We can clearly see that the data delivery in our approach need fewer hops to reach destinations than RBVT-R and AGP. The main reason is that discovered paths in our approach are often composed of UAVs when there are path failures in order to minimize the transited distance and consequently minimizing number of hops. In addition, our approach uses the greedy forwarding towards destination which also decreases considerably the number of hops.
CONCLUSION
A new reactive routing technique is proposed for urban VANETs which takes into account the stability and the real distribution of vehicles in the process of the path selection process. In addition, UAVs are employed in the data delivery. Simulation results show that our approach outperforms existing routing protocols in terms of delivery ratio, average delay and number of hops in VANETs with high densities. As future work, we plan to deal with the mobility of UAVs in order to achieve an efficient cooperation with vehicles.
